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KL Decays: Physics Menu
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The Final Measurement of "%/"

from KTeV
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Samples

( stat = 1.1 ! 10-4

25 millionVac K !"!+!–

43 millionReg K !"!+!–

10 millionReg K !"!0!0

6 millionVac K !"!0!0

Vac (KL)

Reg (KL + )KS)
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Reg K # !+ !* (four drift chambers)
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KL# !0!0  # 4+
(3100 channel CsI calorimeter)
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Kaon beam into page
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2003 data / MC current data / MC

Fraction of energy in 49 crystals for

electron shower

Monte Carlo Improvements: 

Simulation of photon angles and mylar wrapping
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Improved Modeling of  Energy

Nonlinearities
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Improved Modeling of  Energy

Nonlinearities

Data Data

MC MC
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Mass vs. Photon Angle:
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Systematic Uncertainties in

Re(!#/ !)
reduced

from 1.47

reduced

from 2.39
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KTeV Result: Re("%/") = [19.2 ± 1.1(stat) ± 1.8(syst)] , 10-4

              = (19.2 ± 2.1) , 10-4

(KTeV 2003: Re("!/ ") = [20.7 ± 1.5(stat) ± 2.4 (syst)] " 10-4)
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08

(confidence level  = 13%)
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Other “most precise” KTeV

Results (using Reg beam)

-00  – -+–
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Other “most precise” KTeV

Results (using Reg beam)

Next-best error

   KTeV error

  2.5

  1.4

  1.0 (2)
    -

  2.5

-00  – -+–
without KTeV  .m
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NA48 slide from S. Giudici talk at HQL08-Melbourne
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NA48 slide from S. Giudici talk at HQL08-Melbourne

KTeV response:  “OK. But we have less than your 100M”
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Study of the KL  # !0 !0 !0

Phase Space

! data collected to study detector
    acceptance for "’ analysis

    (trigger pre-scale = 5)

! many years later … Cabibbo-Isidori

     model motivates some nice physics.

! KTeV sample after cuts (96+97+99) :

       68 million
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KL  # !0 !0 !0  Phase Space:

Theoretical Expectation

Decay dynamics.

PDG: h000 = –0.005

(quad. slope parameter)
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KL  # !0 !0 !0  Phase Space:

Theoretical Expectation

Decay dynamics.

PDG: h000 = –0.005

(quad. slope parameter)

~ E1
cm

Y
D
 ~

 E
2

c
m

Interference from KL# !+!–!0

& rescattering: !+!–  # !0 !0

(and h000 =  0)
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• Shape of phase space sensitive to difference in
!! scattering lengths a0 – a2   , and  h000

• Offers experimental opportunity to check precise
a0 – a2 prediction from CHPTH.

• K±  much more sensitive than K0 ;
see Payaud (NA48) talk

• Previous results on  h000  (E731 & NA48) ignored
rescattering; KTeV presents first measurement of
h000 that accounts for rescattering.

KL  # !0 !0 !0  Phase Space:

Theoretical Expectation
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KTeV Neutral Detector for
 KL  # !0 !0 !0 # 6+

• Take advantage of

   years of calibration

   on 3100-channel

   CsI calorimeter
[ for Re("’/") ]:

   energy resolution

   better than 1%
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KL  # !0 !0 !0  Reconstruction

6 energies and

4 kin constraints:

m++ = m!0 and

m6+ = MK

           "

Two-parameter fit for

EVERY event improves

Dalitz variable precision:
((RD

2) = 0.070 " 0.014

See fit /2 distribution at left
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KL  # !0 !0 !0  Reconstruction

mass-tail fraction:

 0.21% (data)

 0.20% (sim)

  /2-tail fraction:

   0.43% (data)

   0.47% (sim)
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KL# !0 !0 !0  Raw Dalitz Density

Combine data taken

in 96+97+99:

" 68 million decays !

10% variation is mostly due

to acceptance: physics 

effects give ~1% variations
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KL# !0 !0 !0  Raw Dalitz Density

(m = 0.3 MeV/c2
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KL# !0 !0 !0  Raw Dalitz Density

no obvious cusp effect as in K±

(m = 0.3 MeV/c2
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Cusp in KL# !0 !0 !0

Raw dalitz density

MC phase space

     

#
      visible cusp



BEACH08 28

KL# !0 !0 !0  Model

• Cabibbo & Isidori  JHEP 503, 21 (2005)

• “CI3PI”

• CI3PI used in NA48’s 2006 result (K±).

• Free parameters for KL# !0 !0 !0 :

    h000  and a0 – a2

fix to NA48 value,

or float
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KL# !0 !0 !0  Model
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Fit Results: fix  a0 – a2

0.268(17)

from NA48 K±



BEACH08 31

Fit Results: fix  a0 – a2

good overall data-

model agreement,

except for

m!! < 0.274 :

discrepant region

is EXCLUDED

for nominal results,

but included as part 

of systematic error.

Many experimental

tests " no change !

discrepancy remains

a mystery. 
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Fit Results: fix  a0 – a2
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Fit Results: fix  a0 – a2

185/130 

without

kinematic fit 
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Fit Results: fix  a0 – a2

185/130 

without

kinematic fit 
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• KTeV KL# !0 !0 !0  sample is more than

twice as large as the [published]
NA48  K±

 # !± !0 !0 sample

•  … yet KTeV error on a0 – a2  is almost

twice as large.

• Isospin decomposition favors K± over K0 .

Floating both h000  and a0 – a2
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Summary/History

x 10–3

Ignored

rescattering}
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Summary/History

x 10–3

Ignored

rescattering}
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Conclusions

! Out of gas

! Out of ideas on

    slight data-model

    discrepancy

! Results submitted to PRD (arXiv:0806.3535)

K
L# !0 !0 !0 !0 !


